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THE SEASONING OF WOOD.’ 


By Haroup S. Berts, M. E., in charge, Office of Industrial Investigations. 
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IMPORTANCE OF PROPER SEASONING METHODS. 


Practically all wood before being put to use is either seasoned in the 
air or dried in a kin. The main objects of seasoning are to increase 
the durability of the wood in service, to prevent it from shrinking 
and checking, to increase its strength and stiffness, to prevent it 
from staining, and to decrease its weight. The sooner wood is sea- 
soned after being cut the less is the chance that it will be injured by 

, the insects, which attack unseasoned wood,’ or decay before the time 
comes to use it. Wood that is to be treated with preservatives needs 
in nearly all cases to be seasoned as much as wood that is to be used © 
in the natural state. : 

Wood has a complicated structure. The walls of the cells of 
which it is made up shrink and harden when moisture is removed 
from them, and unless timber that is to be air-seasoned is piled in 
the right way, or conditions in the dry kiln are maintained in accord- 
ance with certain well-defined physical laws, the material is likely to 
warp or check, or in some way to be damaged seriously. Until 

_ recently proper methods of seasoning received comparatively little 
attention from manufacturers, and large losses, especially among 

i For assistance and suggestions given in connection with the preparation of this bulletin, the author is 
indebted to Mr. D. P. Sexton, of John B. Ransom & Co., Nashville, Tenn., and to Messrs. R. K. Helphen- 
stine, jr.,and N. de Witt Betts, of the Forest Service. 

2 The sapwood of seasoned hardwood is subject to attack and frequently to serious damage by powder- 


post insects. See Farmers’ Bulletin 778, ‘‘Powder-Post Damage by Lyctus Beetles to Seasoned Hard- 
wood,” by A. D. Hopkins and T. E. Snyder, 1917. 
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woods that are difficult to dry, were the rule. Sometimes as much 
as 20 or 25 per cent of the seasoned lumber was rendered unfit for the 
use intended by defects which had their origin in the drying process. 
Since the quality of the finished product can be impaired seriously by . 
wrong methods, the importance of right methods becomes apparent. 


FIBER SATURATION POINT AND SHRINKAGE. 


Water exists in wood in two conditions:! (a) as free water con- 
tained in the cell cavities, and (b) as water absorbed in the cell walls. 
When wood contains just enough water to saturate the cell walls, it 
is said to be at the “‘fiber saturation point.” Any water in excess of 
this which the wood may contain is in the form of free water in the 
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Fic. 1.—Shrinkage as affected by direction of annual rings; approximately twice as great tangentially 
as radially. 
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cell cavities. Removal of the free water has no apparent effect upon 
the properties of the: wood except to reduce its weight, but as soon 
as any of the absorbed water is removed the wood begins to shrink. 
Since the free water is the first to be removed, shrinkage does not 
begin, as a general rule, until the fiber saturation point is reached. 
In the case of eucalyptus and some of the oaks, however, shrinkage 
begins above this point. For most woods the fiber saturation point 
corresponds with a moisture content of from 25 to 30 per cent of the 
dry weight of the wood. Figure 1 shows graphically the difference 
between tangential and radial shrinkage. | 
Shrinkage is due to the contraction of the cell walls, and sets up 
stresses which tend to cause the wood to check. As observed in a 
cross section of a piece of lumber, shrinkage in the tangential direc- 
tion is about twice as great as in the radial direction; lengthwise of 
1 The term ‘‘sap” sometimes is used wrongly to mean the moisture in wood, and at other times to mean 
the sapwood. Sap is formed, mainly in the early spring, in the leaves from water rising from the roots 
through the sapwood. In the leaves this wateris converted into true sap, which contains sugar and soluble 


gums. The sap descends through the bark and feeds the tissues in process of formation between the bark 
and the sapwood. The heartwood contains no sap. 
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the lumber it is very slight. Table I gives the green, air-dry, and 
kiln-dry weight per cubic foot of the principal commercial woods, 
and Table II gives the per cent of shrinkage from a green to an oven- 
dry condition. ; i 7 


TaBLe I.—Average weights of various species of wood. 


Weights (pounds per cubic 
foot). 


Species and locality. 


cea Air-dry.2| Green.3 
HARDWOODS. 
Rider, red snohomish County, Washi... 22-020. -c0.cccecccceceneaccccnce 27 28 46 
sh: 2 
Biltmore, Overiom County, Ten coos. 62. coe tcc ce tee gecueceses cos 38 39 45 
ack— 
OntonacomiCounty, Miche door ccs recs c cee ees acaccceceeecgas 34 36 53 
Marathon County, NURS Sis gegis ige tS seal e elnino oN 34 35 52 
Blue, Bourbon County, Ky -..--- 22-22. e ee ene e een anne 39 41 46 
Green— 
Richland Parish, La........- Bie Cree oie iiccitie ae ea iaine inicieinie sisrere nets 38 39 47 
INewaMtadridiCountys MOms.s 0 ccc ccwacletec ese scecs sem ecees 40 42 49 
Oreconre mane County OLee ena. fami i oe cincitclecloce sees omen ares cin (4) (4) (4) 
Pumpkin, New Madrid County, Mo.........-.-..-.------------------ 36 37 46 
White— 
Stone;CoumbypeAtke oon sass acces ace oo bao cae naa tscl elec cad 41 42 47 
OsweroCoumbtyw Nr Yio-. see seine ae tes ea Senne Ue me cranes coe ses 44 46 51 
srocahontas County, Wii Viaans csc. os tacos ese eee decece cies ¢ 37 Boh ia 46 
Aspen: 
UHI Sa OUIMUG WA ANN ISH cre lemyaiei= oinies cia cielels)nja lic. suis aie misioie sie\eie/=icis\s~ viol <iaiei2 26 27 47 
arse ropphy Sauk COUMLYs WiS:\s sccc cece nesses ccevetcccsccece es 26 27 43 
Basswood: 
FOULE UO OUNU Mma ence ce cisis sclstcin voici S Jae c cee caves seine cuiccanes sone 26 27, 41 
Marathon, CoumtypanWiSe cscs css ect sale ccc vices cone sels sccnsdoeeeic es cis Bo 24 25 41 
Beech: 
Hendricks County And. 50-00-2265... 2. =~ See SIS Wee ae Ae 43 45 56 
OULCHC OUI lve icsraral seins <cla cialsle)ets Selo Ue ieeicjaicintale ojala Sa clcls\dicie.clei ciao 41 43 54 
Birch: 
Papers COUNLY, WAS st.) vaca cisinie oc se wise eae snes nce noes a 37 38 51 
SweetrbortenCounty seas: ace se ccce cas Sete oc cence estat cone cee 45 47 59 
Yellow— 
POLLEY @ OUP ym accmiacteiel ds nfs ais ove cicie alarete cis a sense o'nie ee oa Oacie seeinish: 43 45 56 
(Marat HOM COUT YA NWS cc aie'= ila cn nie 2 epee cin oie Sin ee oie wicreiaie 43 44 59 
Buckeye, yellow, Sevier County, HI DSi AN ORE RG Bak A SE Se eae 24 25 49 
Buckthorn, cascara, Lane County, Oreg....-..--..------0------- scene eee 35 36 50 
‘Butternut: 
SALKEC OUTDO Soc baci pace 2 sia cleniejeciale alakialnivaclonnecceessveecelss 25 26 45 
OW ICH COMME OIA ie (2) ois i2)njes)e alee o <i ciete icine e aicieicivicl-'eleve aie anne scivin sees 27 28 47. 
Cherry: 
UBS KAE, LEON RENE ( CLOUD DT ed Be sin a a rg eS aa 34 36 46 
Maldired: coven County enn 2). 6. jos. c. lo nce eset cn oeeslae «acts 27 28 33 
Chestnut: 
(Baltimore Woumibiya Ma ects 2 esene ce = viel oie wc ce wie cs nlcisieielg eisieice cei 29 30 53 
Sevier County Mennles oo io ees cinvccce cess se esces seen eeseuieenew ce 29 30 56 
Chinquapin, western, Lane County, Oreg.......-...-.---0-----5--00-e---e 31 32 61 
Cottonwood: 
OMMSCOU COMME, MO seamen coc. cs sicic = si oncs cle ce cise se ncicce cee ss =< (4) (4) (4) 
Black onohomishi@oumty,, WaSD' 23. <2. <.cece cece oscceec cece eee eces 23 24 46 
CHeimbemirec Sevaer COUNTY, PONT oo occ 5s nce aeccec se cce rcs cccetw ens 33 34 50 
. Dogwood: 
Hilowoermne noevien County Lenn. co. ccs. ccc cence aeccsccescuees 52 54 65 
Wiesterm*ylwane County \Oreg oo. . oes sce. cee ccioe cesses cece cesses 45 47 55 
Elder, pale, Douglas CounbyMOLes asc So eslc cee sit oie te sini Ses eaeis 36 37 65 
Elm: 
Cork— 
MaLAtMOM COUNTY WAS. 2. «osc cows sous oe scsineeineeice ds coais ects ae 43 44 53 
ITS AO OUND Ying NVASeageae se a eceise ceicicis o cincitic vlc walnctesice sae see scfse 43 45 54 
Slippery— 
HICH MEKS COUMLYAANG ss oc cee. oo csicc cee teat co sae ease lwead oceans 42 43 53 
Sota OUI Ve AV ilSe cee cer isis ose cco bin sic cieinicine nae els swan ee sicinicielays eve 36 37 56 


1 About 8 per cent moisture. 

2 About 12 or 15 per cent moisture. Average condition reached without artificial heating by material 
sheltered from precipitation, North Central States. 

3 Average green material. 

4 No figures available. 


Note.—Any individual lot of lumber in the condition specified in the column heading§ would proba- 
bly vary 5 per cent from the figures given with a possible variation of as much as 20 per cent. For exam- 
ple, young thrifty pines will have a high moisture content when freshly cut and will probably weigh 20 per 
cent above the average given. : 
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TaBLE I.—Average weights of various species of wood—Continued. 


— 


Weights (pounds per cubic 
foot). 


Species and locality. 
ae Air-dry. | Green. 
HARDWOoODs—continued. 
£lm—Continued. z 
White— 
Potter County, base-= ee eae eee ee eee eee a eee eee 35 35 53 
Marthe @ouniny, vase == See a ee es 32 33 45 
S Black: Sevier County, “Penn =.2-28: 21-3 eee ee ee ee 35 36 45 
Bie, Alameda County, Cale 22 2 ee See ie 52 54 70 
New. Madrid!County, M0. 223222 soe eee eee pees: (4) 35 46 
Pemiscot County, Mo........-.-------+--++++++2++2-+2-2 eres eee (1) (4) (4) 
Hackberry : : 
Hendricks County, 110 =n e sense a re 38 39 47 
Sak: Ob y WES ao a ee ee 36 38 51 
Haw, pear, Sauk (COUTGY, NVAS eee ope ee ere ee ee =e 47 49 63 
Hickory: 
Shellbark— 
Sardis, MisS 42. 32225522. se seu orcs see Se ee ee ee ee 47 49 62 
Sb cits, Oso Eo ee Seo 5 32 og Sess 2loess-s- 55 57 65 
Bitternut, Napoleon, Ohio-.-.-.----------------- on een eee eee 47 49 64 
Mockernut— 
DATGIS, MISSES 2 ohana cess o sode es sees cat ae | oe eee eee 47 49 62 
Chester County, Pa.<5 02225 cec eee ee Fao Se eee ne ae eee 53 55 65 
Webster Comaty, We Vaso en ee eee (1) (2) 62 
Nutmeg, Sardis, Masse ge fe ea ate eae tee eens See 42 43 61 
Pignut— 
ANGIS: MISS Soo ae ace oe ew aioe Aeon Sees on See eee eee ae 48 50 62 
Napoleon, O02. 2 Re ee eee 51 53 64 
CHESTER MOO TAU NG Bea ari ea i ee ae 52 4 65 
WIG DStEMCOlI ty Wiel hooey oe enen eee eee ee 55 57 63 
Shagbark— 
SSAAE CIS APVEISS eee ee ieee a nee aia ne aes ne ee 47 49 63 
Napoleon, Ohi9 ise Sse se Se San Se Se eee eae eee See 51 54 64 
Chester: Coutityscha=-o tos 2 ees ee ee ee ee eee 45 47 63 
Webster County, WoW as --- sae eee ee een eee ee 50 52 65 
WALT alt iS ISS 9p ee ee eee eee eee 44 46 69 
Holy, Amencan, Sevier County, Lenn. -— = ee eee ee ee 39 40 57 
ee BEC TTS aC OPIERG We ANNES ee ee 35 36 60 
au el 
California, Douglas County, Oreg-....-.-------------------------.-.-.-- (1) (1) (*) 
M ountain, Devick County, A CUn Me = re eee ee ene eee ee 47 49 62 
Locust: 
Black, Sevier County. Tennis. ee ee 48 49 58 
Honey, Hendricks COUHiy, eed oe ee eee nee ee eee 49 51 65 
Madrona: 
Butie County, Cabes. 2. ee A ee ee 42 43 66 
a pou OUTICTE | Coe eee - pe oe eae SEE Le ee Sse eee 46 48 59 
aple: 
“Broadleaf, Snohomish County, Wash. 22-2222. 22328 oe oe ec 32 34 47 
Maranon, Wass = ..- == se dep te Pe Ee Dee Thee AS SS 37 38 54 
Potter County, LE EAS (ome Pome tA bee BL eee om epee pie ert Bea 34 36 49 
sande Sauk County, Wis) 04 ee ree eee 32 34 46 
ugar— 
Cina TICKS COUT Y PING ssn ees SRS as NE SY EL ae sd Ss Ba 41 43 54 
Pat pordanmeby ea. | 5 4 ho 5 AS Bios hs ey TER 42 44 58 
Marathon, -Comnty, Wis2222 Ness ee ee ee 42 44 56 
Magnolia (ev ergreen), Wann Parish as Soest eee ese e enee aoe ee ee 34 35 62 
Oak 
Bur, Sak COUNEY: WIS----see beeen eee eee a ee ee 43 45 61 
California black— 
Bate County;'Cal 2 Osseo eo eee Bee ee eee eee 37 38 64 
Douglas County, OTOP 6 toi che eo a. eee it ee ee () (1) Q) 
Canyon live, Butte County, Calorie ee eee 54 56 val 
Chestnut, Sevier County, Ment joc te ts a ee 45 46 62 
Cow, W. inn Parish, Tia. 22k 2 eee ce cee. eae ae ee 48 50 65 
Laurel, Winn Parish, Vi ro a 45 47 65 
Pacific ‘post, Douglas County; Oreg-. 2.5 5 eee (2) (4) (4) 
Post— 
Stond County, Ark: . sud tine Jairo nee ns itt a eae 46 47 60 
Win Parish 00 on oo e ocan ose ees dace eee: t. . eee 47 49 66 
pione County, Ark 2.55. 222s tec oo. cock 30s eae 43 45 65 
Hendricks County, Ind abet She .2. it Soles 42 44 bet 
Rishi: Parish, Sadec: 200. ou leno. sc ee, 48 50 67 
Sevier County, MeN ia! jo. Uc el cl tea soe ee eS 41 '. 42 61 


1 No figures available. 


: THE SEASONING OF WOOD. 5 


TABLE I.—Average weights of various species of wood—Continued. 


Weights (pounds per cubic 
foot). 
Species and locality. 
ae Air-dry. | Green. 
HARDWOoDsS—continued. 
Oak—Continued. 
Spanish— 
Mow land a Wanitwarish defers 7. eso Woe ines ak aca sania orale a atte 47 49 67 
Ebipinlanic aaNet anishia ea lee el ec ke ae, 40 42 62 
Swamp awhite seendricks County, Imdes:- 222-5222 so -2 sasse sess soo 50 52 69 
sR nonnlealliteeealt ce eh ee ee ae 43 44 66 
Wiatek awit anigh ea sSc ccm serie Se cate cd waists busses ean ece 43 45 63 
White— 
DROME COUMo yePN Per farce nde eee cle meemwicere ease madeeeesose el 46 48 59 
Hendricks Coun tisdale ees ee a eel ae ans 46 47 61 
Hemme EanISMeNu Ars nest ae ce vee k Sone atacan ei see eee cc eeee ee ulate 46 48 67 
Namimnelanish yb act.2 sates sree ec ea) ee ae ele cok 2K als 46 47 63 
Wallow.sWwanneParish’ Ta. 2 5.250.520. 525.225. Sa MA ale Mg aS ak 45 46 16 
Yellow— 
SPLOmMeeouniyerA tie. ees we ee SE Vanes Sse cer SN Ss 43 45 63 
Marathons C Quin tive" WHS. cece se aes ay IS we Cd WR ao 40 42 62 
Osaseorance, Morgan’ County,-Ind -. i220 02s5 2252. 02.se2es ie eee es seese ss 54 56 62 
: PemOplal. yellow. soviet County, enn: . 2.252.202. cee se ek tte cece eneseie Dl 28 38 
“f mhododendron; ereats Sevier County; Tenn... .:_---2.2-522-:-+-2-4-+-2--! 39 40 62 
Pacsamasemomick COUMiY, TON. oie £00 oss. 2 ees oes e feces sob le ss bales 31 32 Ay 
; BcEVICOMELINe Sewicr COUMbY:, “hen 2o22 222. S22. esses dec esac fas este t ee 52 54 6] 
2 DiyeiwVelinee wopviel County, Tenn... 20 0.252) 2b utes ks ie 31 32 44, 
q sourwood weaver Comniy, Wenn... 2b. Lose 222 2a soles eb iget eerie hs 39 40 53 
. slmachstarhom, saul: County, WaSi... 522-6 22c2 $osl5ecnceeceseneees 32 34 4a 
Sycamore: 
Hennes COUM bye LNG. | ee te ete ace Jack Se ese sce dees see teaen tien 34 35 51 
SOMACH OOM eM CMI ser cae eee ine eee ce ates eee ee os Saat SR! 35 36 58 
Aapelo, stavohn the Baptist Parish, Wa... 22.22.2625. l ee DIT 35 37 64 
Ueabrolla. trasersopwier County, Penn = 6.20225... c scl seve Shoe. Slee 30 31 47 
f BN ParTU ACK CONENCKY— = j2s5 occa. 2 sos s secre secs eeebdaee [5.5 8624s 41 - 44 5a 
i Willow: 
Wester black; Douclas County.,.Oreg..... 22... cee eee 30 31 51 
| Blackman ulke© OUT tyes WiStece ce hem NS oa a ee ee a 25 26 51 
Match maze-cevacr County, “hennscc soi = wesc eck oe cec sek cece eee ees 45 46 59 
CONIFERS. 
Cedar. 
eG 5 
EITC OIE Tvs ONO Oeian tik eet pe ke Sa Ars oe eRe OS Oe ee 1 1 1 
peers eee elo © 
OntLsomord, Doulas Coumby,,OLeg.. .. cc -coc+ eee eee ec cet eeeteess 30 31 39 
- Western red—~ 
MISS UNL RC UUTEL VM OIG Shots. stycnes lee g sn iva nies ceo crayerurs Cha Mioretomrclonm eae 21 22 24 
€ STOMOMISHC OU yeas scree ean ey ae eee ee ee 23 24 30 
“a White, Shawano County, Wis................0 ols 21 21 38 
ypress: 
Batdworvohmbherbaptist. Patish Waco cusocc ice clan eae ee 33 34 51 
piclionpplaatig@OUnty, Ores ee sce. cco cct etek eke cetaesebeceeceeen (1) () (1) 
Douglas fir: 
ale OUMIG Vesela ome uk Se ae Sela ee deem te apace NL We EINE 30 31 40 
EME DOLL COUMEN OM eccee soe ek es kee a noe c ese lene sce seten cans (1) () (1) 
MOM SOMRCOUIMb ye ARVO! Sa .2 o\ceciciace joes ouch ee lee coae Seok kecccclsaeee 31 B25 i 34 
Hea e COUMby OLR a. oa. yes RA OL UP 35 36 39 
ChehalisiCoumtbysavwVjasne aioe ec ee ee ; 31 32 36 
MCI NC OUIMUN EON VAST soe wy as Weise aS aka es Sie diva Sa cee ce cence cate 35 37 41 
: MieshinetomancdsOnrerones o 5 oan Secs cin sc eiod cn wa son coeds ose ees ee (4) (1) 37 
= Bi Ssoulae ommMly MON te ate kee ce tees cto bec ese d esas i eede es (1) (4) (1) 
ir: 
Amabilis— 
| WV COMO TE eemmen rece UN we Ge aS SAE SEER ae SS ame Sees (1) (@) 2 
Snohomish County, Wash......... Tay ster apet yet is ay enteral Ae al US) 26 27 36 
PMIpInen Grange oumbtys: COO. so. oes coe toe cone oe seek occ c occ 22 23 28 
; Balsam, Rusk County, Wis......... Poa ewe ara eatery rea Mate a oats ose = 24 25 44 
, Grand— 
" Merssomla Counuy,) MOmG ee. 5 esol o a oi. once Soe dee ae oo 28 29 3t 
MoawelisCounty “Ores sat .. kee see cs See (1) (1) () 
. NabienMulinomah'County, Orep: 0.2.02...) 28 3i 
. WWisite Madera CoumtyaCal: 4225). 5.02.2 2ta sooo ee 25 26 OK 
. Hemlock: 
BOM CR COU MG ye pO mc (a oo ie Sik een Teoma 31 32 4 
| METAL MO MC QUITE YAINVAS sae Moose ok cin ee ak 24. 25 49 
Mountain; Missoula County, Monti: 052. .222 0) ee eb eees 30 32 4& 
Western— 
Whehalis CounbyeawWashwae hed 55) la CS ee Ge i cane (2) () (1) 
Grays arbor and’ Buckley, Wash. <-...2 0060-2. cost ecenccseee. 30 31 4G 


1 No figures available. 
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TaBLE I.—Average weights of various species of wood—Continued. 


Weights (pounds per cubic 
foot). 


Species and locality. 
a Air-dry. | Green. 
CONIFERS—continued. 
Larch, western: 
Missoula: County-yMontiss sae eee a ee 37 39 51 
Stevens County. iWash's: = fee ae. Seen ee Seon een eee Oe eee nee one 33 34 42 
Pire: 
Jack sBarron'ComitiysAWis! soc cos se cece ace 8 cee nm ae ane ee 29 30 50 
Jefirey,“elumas CountyaCaliss 20s et oe a ene ee ae ee 27 28 47 
Loblolly; iNassauCoumt yada sone ee Se ee one eae 37 39 54 
Lodgepole— 
Grand County Colo ee es ae ae see re ae Rie ee 27 28 33 
GallatiniCounty-wMon tos 735. cee eee ee eae eee ee 27 28 47 
Granite Couey ee MOG ass Mae eee eae es eee 29 30 41 
Jetierson County AMont. 5.2 sa sseee snes cee ae ee een ae eee 28 29 39 
Johnson: County. Wy.0%s 5 8 aa. eo eee ene eee eee 27 28 37 
Longieaf— : 
Niassa County Wlae. foeee. elo wie ne a a ah oe See eae 42 44 51 
Bogalusa bare: 6 eee sss cs Sakae Soescee cm aaiees aoe eee eee (4) (@) (4) 
Make; Charles tae: iene a aS aa sae eeics = a eae eee oe eee 42 43 45 
Tanvipanoapeanish, Wasco: 2522 <<... sceasimese ose ot cee e Eee 39 41 54 
Hathiesburge Miss 22 35 oe 220, on Socios cack seen Rees Seemed ee eee 38 40 42 
Pitch? Sevier'County. Renn: .. = 22 2) 32252 en ee eee 35 36 54 
‘Pond tsNassat'C oun Fy aes sae ee ei a ee ee 38 40 49 
Norway,shawanoiCounty, sWiS)-s5-5- 252 42 -osss- ete aoe 32 34 42 
Shortleai— 
Malvern tAtK ae ee 26 ei gira, EB aie Cae cra eee occ eyo ere 35 36 45 
Bogalusa Whale scesrey ast cetera toe ete ane Seen wee eee eee (4) () @) 
SlashtyNassau | County2 was. oe sac oo eee ote aoe eee eee eee oer 43 45 53 
Sugar wMadera County. Caloris. soso sas eens erences sees 26 27 50 
Table-mountainssevaer County; Mennes ss. ees 464 -e este eee eee ee 36 37 54 
Western white, Missoula County, Mont................------+------- 29 30 39 
Western yellow— 
Coconino County PAVIA es ces eee ae a ae 25 26 dd 
Madera County. Cale. 6-32 sce ae Reh oe ee aoe oec cee eee eee 28 29 53 
Douglas! County, Colokss= 5282. Sea ases woes cee See eee eee 28 29 49 
Missoula CountyssMontieo.. = ht ae aoe aoe eae oe ee ae 27 28 51 
WhitesShawano\County, WS... 222 2.5 secs sae eee ese eee eee 26 27 39 
Redwood: 
Bumboldt County, Calls. sees es ono. nach oe nasa eee eee 23 24 38 
Mendocino County Calerga. Soe se inccin ge Se oe ae ae eee aire 26 27 39 
Spruce: 
Engelmann— 
San: Micuel County, Colo? aoc 25-2252 e cat sae etn eee eee cee 22 23 48 
= Aes CouMmtyn Colo. <4 osst oe tones nec eine Soe sis Se eee 24 25 30 
e@ — 
Coos' County INV. sere oc Sao eo eee ee ee eee ee eee 28 29 32 
Sevier Countys Penne esc o onc when oes ee eee oe sae ee eee eee 27 28 35 
Sitka’ ChehalisiCounty, Wash:<2. =<. 2222.5 sso a's ee aa Ce (1) (1) (4) 
White— F 
Coos: County-eN iH. <. Be cciac So: secccew ed cee coe ate e ee eee eres 25 26 28 
Rusk County Wassosee--e- 2 By eI aia Me Selatan ease eee eae 29 30 35 
“amarack, Shawano County, wyiSeese: seers eee ese ae eee 37 38 47 
Yew, western, Snohomish County, Wash...........-----------------.---- 43 45 54 


1 No figures available. 
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TaBLE II.—Average shrinkage of various species of wood. 


Species and locality. 


HARDWOODS. 
me red“Snohomlish County; Wash) 2220.02 02922. 6522.25. k eee oe 
he 


Biltmore, Overton County, Tenn 
Black— 
OMEOM AS OMmpNETC Tee as aie esr Fur sat phy Eas a no AN OE 
MarathonsCoumiye Waste mse os: Cece MON Se tye eh aeleacltes 
Blue, Bourbon County, Ky 
Green— 
RA CHLamd Beats Mela mre ane seek GV AS es We SN SS ee 
New Madrid County, Mo 
Oregon elaneCountye-Oreg esis 2 Ne se ee 
Pumpkin, New Madrid County, Mo 
White— 
SEONG COU iy e AUK ais steers SN Bel on Ds EW at ee 
Osweror Counter NCGS Rs ote Ea ees ye oe Te Se eS 
Pocahontas County, W. Va 
Aspen: 
EUS COMMA NYAS He Since Vaueie Nee os Sora es FE sae le hues sere ok 
MaKe eLOOnM Aika COUNGY SS WiSe ee <482 855052 ioitassct tessa ogee. 
Basswood: 
BOthermCOUMiyy elzatet sce mtn eee ie eS Se ST J ee 
Marathon County, Wis 
Beech: 
Hendricks County, Ind 
Potter County, Pa 
Birch: 

- Paper, Rusk County, Wis 
Sweet, Potter County 
Yellow— 

HZOheTS COUN VANE Bey oon Ais Bary aS C8 Rew Be BS Sey eee ose bs en 
Manatinony@. otmiiyg Wisi wae eia tke ed a hemi ek be Pei aa Ks 
Buckeye, yellow, Sevier County, Tenn........ LS eA ste tae A se al 
Buckthorn, cascara, Lane County, Oreg 
Butternut: 
Saka C OUI Y AW ASHA ae eral ce eae SS a a Wise Win Mikes i 
SemermCoumitynm emma ace tes es See oak soe ee Aer Sees 
Cherry: 
Blackwkotterm County. Par werss S22 SeNems he Cita cree naan bass ae Ni 
Wild red, Sevier County, Tenn 
Chestnut: 
BA GMITORe Le OMTity eC eae einen es er nine a ieee AE nin vine he Comes ela nine Fie 
SevicnCounty ben ganc4ate sac oe keene sano re Sesw ee bere erie aes 
Chinquapin, western, Lane County, Oreg 
Cottonwood: 
Remiscot, CountyA MO nssee en os ook ee ccce eee cusses Sek sed 
Black, Snohomish County, Wash ; 
Cucumber tree, Sevier County, Tenn 
Dogwood: 
Flowering, Sevier County, Tenn 
Westernebane County, Oreresscs ss Nias Por ssn ee a oye aS er eet 
aiden, pale, Douglas County, Oreg.................. (ARS EEE Eee be 
m: 


Cork— 
MaravhonuCounty Wisksosg srr sis Seah fon oh se ches Ss Beh SES aE: 
PRVIGKa COMM YR AV IS eseteeie sis oie 2 oo Sle s edison Seals Go cce cigs gece 

Slippery— 

Hendricks County, Ind 
Sauk County, Wis 

White— 
oben Countyseas vee se: she Milak hae ne Se wats Mose OS ees he 
Marathon County, Wis 


1 No figures available. 
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NotTe.—Oven-dry means entirely free from water. The shrinkage from a green to a kiln-dry condition 
(8 per cent moisture) is generally about 75 per cent of the shrinkage to an oven-dry condition. The shrink- 
age from a green to an air-dry condition (12 to 15 per cent moisture) is generally about 50 per cent of the 


shrinkage to an oven-dry condition. 
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TaBLE IT.—Average shrinkage of various species of wood—Continued. 


Species and locality. 


HARDWOODS—continued. 


um: 
iBlacksse vicrGountye Lenn. jee see. aoe te Oe a ae MEE 
ee Migmeda County Cal. —. 52. ses ts a ee eee 


e — 
New. Madrid: County M0. 2255: 52 se ee ee eee 
Pemiscot: Count ye wtOses ee ee ee ee ee eee eee 


Hackberry: 


Hendricks ‘County; Inds =P ee es Se ee 
SauksCounty, Wisse... -ocss.2< ne eae ee Re el ee ee 
Haws pear walk CountyniwWiScocssas 22 oat sae ae Re eee eee 


Hickory: 
Shellbark— 


SARIS MSG eames so pr es ee pee ey a ati RS 
Napoleon VORIO= Bar 8 oso ee a See eo ee 
Bitternut; Napoleon, Ohigs ees ee Oe eee 


Mockernut— 


Sard 1S, WMASS ness i ea apoe eas ona ee we ea ne oa ee eee 
Chester’ Conmit yeas ea eye es rie Serotec ey eee 
Wiepster County, Wic Valsee! 22 22 2 ee een eee ee 
INGEMeP PSardis MISS seer ee oe Sa 5 ae eo ee ae ne 


Pignut— 


SATIS eMSSS ies ets oo een nye ek Gane et rE n= ee ee 
Napoleon] ONIiG=gs= sage oe noon So ae ERE ee ee : 
ChesteriCountyiba- o8sos0 See as Scania ee renee me 
Webster COuntyeW.ciVidean=> soee secon «bonne aaa aoe eno ee scaeeee 


Shagbark— 


SECON ISg) | DRGs = Ae ee = eae eee Oe ee ea a eae 
Napoleon, Ohio - 26-62-22 osee AD ih Lah MND ts BIEN oh Saye EES 
Chester County Baca 6 oe os ee eee 
Wepsier: County: Wis Vass acco Ss oe 3 ee eee ae 

Wiabers Sardis, WEISS ome 6 oe ie eS ee eee A A 
Holly, American, Sevier County... CNM. so. o eee a ee meer 
Hornbeam, ski County, Wass. os scncss soo season eee ae ERE ee eee Cee- 


Laurel: 


California: Douglas: County, Orer. oo eee ee eee eee 
Mountam:Sevder. County. enih = 3. oo oss tes oes eee Se eee 


Locust: 


iBlackSevier County, “Lenn. - = -e2s-ss + 22a c2 be eee 
Eoney, Hendricks County, Ind soc, aces eee eee ee 


Madrona: 


Burov County» Cale <-he ras ee ee eee 
Douglas County; Orer- 0s sacs sae ee eee eee ee 


Map! 


Sugar— 


iendricks County, Indio ee eee 
Porter County, shale aks ose eee hee aCe ee a 
Marathon County;: WAiSs-scee a. aoe eee ee eee 
Magnolia (evergreen), Winn Parish, La...............-------- 
Oaks burpoan ke COUN Ly WiAS 2 22 coc apace ae eee 


California black— 


IBnie. Conngys Oalist pee. he oe SS a a ee ener 

Donuelas \Countys Orelr... a. 52. 2 te wee ee ee 
Canyon live: Buiie county, Cali. o 226.522 ok soe eee 
Chestnut, Seviertounty, denis .- S02. oe eee 
Cow;| Wintt Pamsn tint oo cs. oe a Fe eee 
LAvEP], Wantttbanisela eo 252-5. nae fe nc, one oe oe 
Pacific post, Douglas‘ County, Oreg-....-.-- <2 -s-sscnee=5 


Post— 


Stone County Arka}. open. nw ts co ee 
Winn Parish; Basses ee oa. eS 


4 1 No figures available. 


e: 
Ae ee Snohomish County, Wash ...................- 


e —- 
Marathon County, Wis 20 oS ee ee eee 
Potter County, Pa. 2 sac dens ae ee ee ee eee 
Silver oauk County, WiSt.. occ .o see ee ee eee 


Shrinkage from a green to an 


oven-dry 


condition (per 


cent of dimensions when 


green). 


Volume. 
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TasLE I1.—Average shrinkage of various species of wood—Continued. 


| a Shrinkage from a green to an 
| & oven-dry condition (per 
| cent of dimensions when 
| green). 
|= 
| 4 Species and locality. Volume. | Radial. esi 
i; Ee ay 
a Wh | | = 
amen aT A Ss) 
= 
HARDWoops—continued. 
Oak—Continued. 
Red— 
Scome County pPAn kee see ete hye ok sec Adve emcee cle clayes ILS sa 14.5 4.2 8.3 
ICH OmMEKS COMM tyrplin diene are ee Sic hay aaa ele ease 13.1 esr 8.3 
PRTC MATTOS Hse wire ee es TEN OI ier ate tS OG oe a cae (1) (4) (4) 
Sover County, enn 42222222. 5-2- Fee PEPE NT aS oess LP falefeeloiaiee 15.3 3.7 8.3 
Spanish— 
Se Owelerna en Wat ramaie  aTr1S Wa ee i ee pa ere deol ore pee ree 16.4 532 10. 8 
ughiandaWinnearish ays se ee eae ns ool ee eet eyeenyeie 16.3 4.5 8.7 
Swamp white Hendricks County, Imd2 2222222224. - 22552-23222. 25... IT) 5.5 10. 0 
} (Nepal oxen lic, -A\YAYATID TLS (CRE be eee a ye an en (1) () (*) 
iA MA Nnanbbarii ae te A es 16.4 4.2 9.3 
ad White— : 
Stomel@oumbyMeArlo ee ee Nee ne Ab Ce cree clieoe aoe Sc 15.8 6.2 8.3 
Le ernoleelts: CKoypuat ny 5.4 bake Pee SA Re Ses Sa ere aie Argh ayaa Nye 14,3 4.9 9.0 
HERAT Tn TTC TEAS Tee ale ahs es pays ly Se Nose es sy panel as LN AUPE RI 16. 0 4.8 9.2 
AWalrainiplaeureis lapse ae ah Ss Ne i BU A NL See 16.9 5.4 9.5 
Wall owe Wantaniearishy uae es tbr ay chic ycletceial ia tiie eratalehard Sreststeretare sa wiete 18.9 5.0 9.6 
Yellow— 
Sitome@ ourabyeeAreke ten oa vee scl ce, a SUS ter ee 14,2 4.5 9.7 
Jui Renee el oVovat (Cobia ye7e) ANNE Koy pase er hes la ea Ca A () (1) (@) 
Osagzeroranges Morgan County, Wandin eye eae eine cine eee cre leisieeeieleeiere 8.9 (1) (1) 
‘Poplar, yellow, Sevier County, Tenn..............- STEN (a pic eiontad tate pale a 11.4 4,1 6.9 
© Rhododendron yoreat SevienCounty, Denn! set tess eee foes ee 16. 2 6.3 8.7 
SASSAIMAS ASC vl Cla © OUMUL YAOI skye wevsrctetavern)-catalatoyataataralalajerereta a\arayeteictoraie Ss ayorrercee 10.3 4.0 6.2 
SOAS DAA, SOvaere COobanys As obals eee RA ee Ree eee eO Mee asaaase 18.7 6.7 10.8 
SriverbelliineewevierCoumby:,, Memmi sci cle s es) eos pee ae len ajnc ele = oleic oi 12.6 3.8 7.6 
Sounwood sewer Count yy emi ose. fa catee sae eevee iene e een 3 152 6.3 8.9 
Sumech Stashorms SaukiCOunty, WAS. <2 fos soso. fae ool nn iin ee eecee oe (1) (1) (*) 
Sycamore: 
LE (GrauG beiGleS) OCG wa Fy ie 0 Le J a 13. 5 5.0 «3 
SO Walene Copan aiyz, A era aie on ate a i eg AR NSU le 14,8 on2 7.9 
hupelorStaJohnythe Baptist Parish, Wan. 2255535. s ss 12.4 4.4 7.9 
Uimibrellashraserysevier County, elena) 4 eee ase see elaine el ice 13.0 4.4 12.5 
ea baat a Lea elec ee TU Cay A oie oral) years iacci ate eie)olshaiois/si2)=\e,cfara,clpin/a\sictelejeis\-i-/\e/a oie. 11.3 5.2 7.1 
Willow: : 
> Wiestermiblack-- Douglas: County, Ores 2- eee seco cine sneer eae 13.8 2.9 9.0 
Ly Estee keen bla © OUIML VRR WW 180 904 50 Sotuinl 2c Sa semen Sole wiciae voles awete eck 13.3 252 8.2 
MWatchunazelesevicnCOunby,PemnM = 2.250. oj. 82S. che see enews sce woe eisiss 18.8 (4) (1) 
CONIFERS. 
Cedar: - 
Incense— 
HeameK COUME VA Oe ges eee cy eyseiaeieeietatemiaepeleleielcinraln) «/elels rapa siete otaiateicre (1) ( 1 
VV OGL Cha be a on SRS a Ye See eee 1) 1 1 
ort OriordeyDouelas County, Oreg es -s-5-2- 5c cece een cose css 1) 1 1 
Western red— 
- Missoula; © Our yemMOMt 20a oer ayaa seers ll a ele sein icieieleicinie sasiciisse 7.6 2.5 4,6 
SOONG mans a (Comratinys WSO Ce ss ooS Aco see doodeceousesoeeeEeEeanoe 8. 6 2.5 5. 6 
WHILE i stiawalt@) © OUTIDY, (WAS <f5(2\05 5 2c fn ape ore nee ele wa ain oie emcee silanes 7.0 2.1 4,7 
Cypress: 
Baldotaonnitherbaptist Parish, War coo 2 2 ek scent ee DLAs) 3.8 6.0 
Wallon, Lennie Corbina, MOGs Aa Shee ERAGE Seep ee eh Se neeebocoeeeer (1) (1) (*) 
Douglas fir: 
Lirias (oyun iy 5\ CBee obe8 acaba eooeeacdaeser doce oneSeckoaEouudeonuE O67 4.5 6.9 
Tetouan) aisle, Croie bak ines CL) Usha Ai AG Sea ie eee Ps ee cS ee (1) (4) (1) 
he OMS OMEC OUI Yan WsyOWee = cialis. sicistayn satin. ciaiate late af elelapal clei ayeleba ata! yeje/aj pci cie 10.9 3.7 6.6 
“a Warel@omninm Oren tae eas ah eT en. 13.2 5.7 7.6 
Cligltahs Cormainye Weisldlje se 8s6 senaonoeeasoaccusaRgebseouaneaneeosce 125 4.4 7.4 
ILEUS Coniiayg MEINE an oes kOe eee ee ee ad GSoC e ae sec oRuadeeere 12.3 5.0 8.3 
Nas hinlegomean Gi Ones Omics Sar eye Ce Syl e hao so niore clslnielerajansicls (4) C (1) 
i IMUSSOUPARC OUT yeR MONG See he ore craeis ale Slevsimrcielcl so elateleisl nla ciainicle\ajoisielain oid (1) ¢ @) 
ir: 
Amabilis— 
UD YS OR STERE A wD Se TE a a ee eG ihe oe ee eee (1) (@) (1) 
Sghemisi@ounty MVVashe) culo. Us DUO GELS Mi Goes 14.1 4.5 10.0 


1 No figures available. 
= 87732°—Bull. 552—17——2 , 
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TABLE II.—Average shrinkage of various species of wood—Continued. 


Shrinkage from a green to an 
oven-dry condition (per 
cent of dimensions when 


green). 
Species and locality. Volume. | Radial. Paneeu: 
ee meee 
it | V SZ 
! 7 
I: SS 
Lee = 
CONIFERS—continued. 
Fir—Continued. 
Alpine Werand<Coutity Colo ea enaweces oo ee ee ete ares ae eee 9.0 2.5 hil 
Balsam i RuskiCountysp Wis: 2s one ee ye ae SR et yer eee 10.8 2.8 6.6 
Grand— 
Missonla\County; Montesa ce-es ce eee eee ee cence ne soe eee ener 10.9 3.5 6.8 
Dotlglas County, Oreg ts. 32-20 2-4 a se poe eee nee eee (1) () (4) 
Nobles Mulinomah County sOreg ses seere sso eee re eeeee eee eee 13.6 4.9 9.1 
White, Madera County, Onl sce LY BOGUT OPie anes ae ing geena eee 10.2 3.4 7.0 
Hemlock: 
Sevier Countype Denne 2252s aes me oe ee ee eee eee ee 11.6 2.8 ve} 
Marathon Countye hWis ise 2 ce perenne eco et oer eee eee 9.2 2.3 5.0 
Mountam: Missoula County, (Mont : 222 2550- - see eee enone ceaneaee oe 10.8 4.4 (ha) 
Western— : 
Chehalis County, Wash. 2.2. 3 sees ee eee eaeccereerer seer eres (1) 1) 1 
Grays Harboriand iBuckley,,. Washi: i232. o eee me ne ae caer eee (1) 3 &3 
Larch, western: 
Missoula Wounty Monta: Sone sock cece ase rere eeeee eee eee 13.2 4,2 8.1 
SIBVCHSICOPULY, i ViaS Miami. sen no see eee se ee eee eee a eae ae (4) (1) (1) 
Pine: 
Jacks Barron Couuby, (WAS. 206 --c ee ect pene se eeaee ee andes reser. 10. 4 3.4 6.5 
Jetrey, selumas Countian Cal! 22.2 9-22 oe vas oe een ers ae ee eee 9.9 4,4 6.7 
Loblolly Nassau County, Wlas oe eo cence renee cee eee 12.6 5.5 Tb 
Lodgepole— 
Grand County Conor os Pee ee se es eee eee nS eee een 11.3 4.2 (eal 
Gallatin’County, Mont. 2205-5 “see ee tere eeae eter eon e cone aoe 11.9 4.6 6.8 
Grantte,Countys Mont. -2 52426. ce sence nescence edclcene ene 11.8 5.0 6.5 
Jefierson County Mont: bose meee eee ereeee ees cetneehererne 12.0 5.0 6.9 
Johnsen County, WO): p<2 cc ssetacinc ee eee eae a eee 10.1 3.6 5.9 
Longleaf— 
iINassauiCounty Ablat . 2 soe ee oe fo ee eee eee 12.2 5.1 6.9 
Bogalusa, Vas: B82) os. b apace oceee see eeh eben cace eee rinse eae (1) (4) (4) 
Hake harles jas 4... 252 too: seeeerec oseeeceeerk eres ear ee a seer 12.8 5.4 7.8 
Taneapahoa -Panish) Wa 25.52 cee cmise ee nook ene eee 12.8 6.0 7.6 
iathiesburg, Misstfi23 B50 se one oe ee ecieee ee cee 11.0 4.8 dees 
Pitch|\Sevier County, DOnW foes) ten o ccs em eneea eee aesac eee 11.7 4.8 7.4 
Pond) Nassau! County, (Pla stemepe ee tenc sb hci-ioee eee ee eoee ee eee 11.2 5.1 eu 
Norway, phawano!County,; WuS- on. sc<n ero- meee een pe een eee 11.5 4.6 7.2 
Shortleaf— 
IMA verry vA ke ae) 2 ee ee re are tel DER ee Re a Ce swe (1) (4) 
Bogalusa, sta Sees... Bee le eee Pee Se. (1) @) Q 
Slasht Nassau County, Wig g- ooa-. pen ee hae i eae ee hee ee ee 12.7 5.9 7.5 
Sree Madera COM yaa ee ees te eee ee eee 8.4 2.9 5.6 
Table-mountain: SeyvieriCounty, Wenne 2... oo. eee eeee eens ee ee peers 10.9 3.4 6.8 
Western white, Missoula County, Mont..............--------+-------- 11.5 4.1 7.4 
Western yellow— 
Coconing County, ATI. bi hee Bee oe ee sats ale no = teen 9.2 4.1 6.4 
MaderaiCountiys Calle 22 eee ccree tort ceceeeiee ater hepato rene 11.5 4.9 7.3 
Doupglas\County Color: seech ese ae ener ee ee eee eee ee eee eer 9.9 3.8 5.8 
Missoula County (Montel tos ecoeeen co epeeceis cee eet here eeeee 9.3 3.5 5.9 
White, Shawano @ounby, WWiS- - son tenes ees see ee eae eee 7.8 2.2 5.9 
Redwood: 
Hinboldt Coginty, Cals. ioe eae ei eee & 8 i 
Mendocino Copnty:, Calens ioe oes. occas ertesenn eee oe eee 1 1 1 
Spruce: 
Engelmann— ! 
San Mienel County, Colo: .3.josc- cease pean senor 10.3 3.0 6.2 
s aaaean County Colo! oe ee ecieeeee ee ene eeee be aes 10.5 3.7 6.9 
e — 
CocsiCounty, Ne ts pe ee ee ee (1) (@) (4) 
Sevier County Penn oe eS aoe cas SA 11.8 3.8 7.8 
Sitka |Chebalis' County MW ASU cea see eae <n Reee eens 11.2 4.5 7.4 
White— 
Coos County, NO 5 to ek AR See. oe (1) () ) 
Rusk County, Wis....-.-.- Beate Olsen sa Lt. eh ame 14.8 3.7 7.3 
Nantarack Shawano County, Wisssacee nooo anno. eae eee aoe 13.6 3.7 7.4 
Yew, western, Snohomish County, Wash... .->. -.-- 2-55 Seeereee ot ame = 9.7 4.0 5.4 


‘No figures available, 
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HOW WOOD MAY BE INJURED IN SEASONING. 


CHECKING. 


Checking is caused by unequal shrinkage. If the outside of a piece 
of wood dries considerably faster than the inside, the surface in time 
will contract until it can no longer extend around the comparatively 
wet interior, and so will be torn apart in checks. Checks often are 
classified as end checks and face checks. End checking or splitting 


during seasoning causes nearly as much loss as face checking. 


CASEHARDENING. 


Casehardening or surface hardening occurs when the surface of 
wood becomes set in a partially dry condition while the interior is 
still wet. This condition results from too rapid surface drying. 
If the interior of a casehardened piece of wood dries further, it tends 
to shrink, while the “set”’ condition of the surface tends to prevent 
itfrom doingso. Asaresult, stresses are set upin the piece. Plate I, 
figure 1, shows sections cut from casehardened boards, with a strip 
sawed from the center of each section. In A, the stresses cause the 
prongs to curve inward and bind on the saw. If the stresses are 
relieved by treatment with steam, as may be done sometimes, and 
the board dried a second time, the resawed prongs, as shown in B, 
will curve outward, owing to a reversal of the stresses. This is 
termed “reverse casehardening.”’ ! 

Plate I, figure 2, shows the form taken by resawed pieces of kiln- 
dry boards steamed for different lengths of time. In No. i the 
prongs curve inward, owing to casehardening. No. 2 and No. 3 
also show a casehardened condition as indicated by the strips curving 
inward. In Nos. 4, 5, and 6 the casehardening has been eliminated 
by longer steaming and the resawed strips are straight. No. 7, which 
has been steamed still longer, shows a condition of ‘‘reverse case- 
hardening,” in which the resawed strips curve outward. 

Sections cut as shown in Plate I may be used also to determine the 
distribution of moisture in lumber, whether casehardened or not. 
If not casehardened, such sections will curve inward as they dry 
if the lumber is wetter on the inside than on the surface, and outward 
if the reverse is the case. If the lumber is uniformly dry, the prongs 
will remain practically straight. 


HONEYCOMBING. 


Honeycombing or internal checking occurs in casehardened 
pieces when the interior continues to dry and the surface remains 
fixed. In such cases splits appear in the interior. Plate II, figure 1, 
shows examples of honeycombing in casehardened pieces. 


1For further discussion see “‘ Problems in Kiln-Drying Lumber,” by H. D. Tiemann, Lumber World 
Review, Sept. 25, 1915, 
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WARPING. 


Warping or twisting in lumber is due to unequal shrinkage. Some 
woods are much more subject to warping than others. The trouble 
can be prevented to some extent by careful piling, both during 
drying and afterward. Plate Il, figure 2, shows badly warped 


pieces of lumber. 
COLLAPSE. 


In some woods, notably western red cedar and redwood, when 


the very wet wood is dried at a high temperature, depressions appear’ 


on the surface of the boards, presumably due to the collapse of the 
plastic cell walls in certain places. If, however, the woods in ques- 
tion are heated above the boiling point while wet, the steam generated 
in the nonporous cells causes the wood to bulge on the surface. 
Plate III shows collapse and bulging, or “explosion,” as it is termed 
py the discoverer of the phenomenon. 


AIR-SEASONING. 


Though the use of dry kilns is increasing steadily, the bulk of our 
wood is still seasoned in the open air. If kept in the air long enough, 
the moisture content of the wood finally comes into equilibrium with 
that of the surrounding atmosphere, and the wood is said to be air- 
dried. The rate of drying varies, of course, with time of year, 
species of wood, size and form of piece, and method of piling. Certain 
of these factors may be controlled or utilized in a way to hasten the 
’ drying process and lessen the likelihood of defects appearing in the 
material. 

CROSSTIES, POLES, AND SAWED TIMBERS. 


The data in figures 2 to 12, inclusive, collected by the For- 
est Service? in various parts of the country, show the rate at 
which crossties, poles, and sawed timbers of several species lose mois- 
ture when freely exposed to the atmosphere. In some cases it was 
not possible to weigh the pieces for several days after they were cut. 
Freshly cut timber loses weight very rapidly in warm dry weather. 
Ties in some species lose 10 pounds in 24 hours. The rates of season- 
ing of the various species may be compared by the general trend of 
the curves. When the curves reach a horizontal position, the ma- 
terial may be said to be air-dry, unless this happens at a time of 
year very unfavorable for seasoning. 

The ties were seasoned in piles of 50 each, and were exposed with- 
out cover. The ties on the top of each pile, however, were placed 
close together and served as a rough roof. The curves are platted 


2 See “‘The Air Seasoning of Timber,’’ by W. H. Kempfer, Forest Service, in Bul, 161 of the American 
Railway Engineering Association. 
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Fic. 1.—SECTIONS CUT FROM CASEHARDENED BOARDS. 


Fic. 2.—RESAWED SECTIONS CUT FROM CASEHARDENED RED GUM BOARDS STEAMED 
FOR DIFFERENT LENGTHS OF TIME AFTER BEING KILN DRIED. 


(1) No final steaming; (2) and (3) 18 minutes final steaming; (4). (5), and (6) 36 minutes final steam- 
ing; (7) 3 hours final steaming. 
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FIG. 1.—HONEYCOMBED OAK TIMBERS, THE RESULT OF CASEHARDENING. 


Fia. 2.—BADLY WARPED BOARDS. 


The trouble here is due to a poor arrangement of stickers and to the piling together of boards of 
unequal length. 


<r. 


THE SEASONING OF WOOD. 13 


ac 0gaem 

eT 
Joe eaaimail 
Nea Gs bea a Gd lb 


I¢-BLACK PINE 

3C -RED PINE 
SC-DOUGLAS FIR | 
7¢-WHITE FIR 


KEE 
| eis estos 
Rebel i 
| ete 


CER a i aa aa 
slag aa a eli 
Pee 
GG il aan 
RASS 


WEIGHT PER TIE—LBS. 
WEIGHT PER TIE —LBS. 


2 4 6 8 0 2 4 6 
TIME SEASONING — MONTHS TIME SEASONING - MONTHS 
eds 6. 
Fic. 2.—Southwestern ties. (a) Seasoning of ties at Pecos, N. Mex.; cut in January and February; 
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Sandpoint, Idaho, cutin January and February; Tacoma ties in December and January. 
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Fic. 4.—Seasoning of hemlock ties at Escanaba, Mich.; cut in August and September. 
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Fia. 7.—Seasoning of southern white cedar poles at Wilmington, N.C. 
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Fig. 8.—Seasoning of western red cedar poles at Wilmington, Cal. 
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Fig. 6.—Seasoning of hardwood ties in Southern States; cut in October, November, and December. 
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Fig. 10.—Seasoning of northern white cedar poles at Escanaba, Mich. 
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Fic. 11.—Seasoning of Douglas fir timbers at Eugene, Oreg. 
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COLLAPSE AND BULGE IN VERY WET LUMBER DRIED AT A HIGH TEMPERATURE. 


PLATE IV. 
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Fic. 1.—CEMENT AS FOUNDATION MATERIAL. 


These blocks extend 2 feet above and 2 feet into the ground. 
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Fia. 2.—ANOTHER TYPE OF PERMANENT FOUNDATION. 
The lumber is fully 2} feet above the ground, insuring 


Steel rails are embedded in cement piers. er i 
excellent ventilation. 
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from the average weight of the ties. The weight per unit volume 
could not be used, as in many cases the volumes of the ties were not 
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obtained. The poles were seasoned on skids in the open. The 
sawed timbers were seasoned in open piles under shelter. 
LUMBER. 
Sawed lumber generally is dried by being piled in stacks with air 


spaces between the boards. In forming the stacks the boards usually: 
are laid flat, with strips called stickers between courses or layers. 
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Fig. 13.—Lumber piled sidewise on cement and metal foundations, 
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A space also is left between each board in a layer and the adjacent 
board to provide for the circulation of air throughout the stack. 
Flat or horizontal piling may be of two kinds: (a) With the ends of 
the boards toward the alley—endwise piling, and (6) with the sides 
toward the alley—sidewise piling. Figures 13 and 14 illustrate the 
two methods. 
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Fig. 14.—Lumber piled lengthwise on wooden foundation. 


and to lean forward so that water dripping from the top falls to the 
eround without trickling down over the courses below. With either 


method of piling the stacks should be so located in the yard that the 
prevailing winds blow through them rather than against the ends. 
Most lumber manufacturers and dealers use the endwise method 


of piling. A number, however, have adopted the sidewise method, 


Fic. 15.—Method of providing drainage under lumber piles. 


which has certain advantages in the matter of air circulation. 
endwise piling the stickers obstruct the passage of air from back to 


In 


front of a course, while in sidewise piling the passages from front to 
rear are clear. 


Water which forces its way into the pile is more 
efficiently drained in sidewise piling, and the likelihood of sticker rot 


and discoloration due to the accumulation of moisture, dust, and dirt 
against the stickers-is lessened. 
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The bottom boards in a stack rest on skids, which in turn rest on 
foundations, preferably of stone, cement, or metal. Pieces contain- 
ing rot should never be used for foundation timbers or skids, or allowed 
to remain in the pile. The vicinity of the pile should be kept clear 
of weeds. 

The use of cement and metal foundations is especially feasible in 
retail lumber yards and in those maintained by wood-using factories. 
In retail yards, where economy in space often is the essential thing, 
the piles are high and a particular space usually is allotted to each 
class or species of lumber. In factory yards lumber often is held for 
a number of years before being used. In such cases the frequent 
renewal of wooden foundations under lumber piles entails consider- 
able expenditure of time and money, to say nothing of the danger 
of infecting lumber by bringing it in contact with partly rotted 
foundation timbers. For these reasons foundations of a more per- 
manent character are constantly growing in favor in retail and factory 
yards. Plate IV shows foundations of this kind. 

Sawmill yards, on the other hand, often contain several million 
feet of material and cover several acres. Lumber coming from the 
saw generally is piled wherever most convenient, provided it is placed at 
the distance from the mill required by insurance companies. Economy 
in storage space generally is not essential, and piles of the same spe- 
cies and kind of lumber are likely to be found in a number of different 
sections of the yard. In addition, the stock is constantly being turned 
over, thus giving an opportunity to renew the foundation timbers at 
comparatively small expense. A number of large lumber companies, 
however, have adopted cement as a foundation material. 

Lumber-storage yards need to be reasonably well drained, or at 
least the contour of the ground should be such that water will not 
stand under the stacks after a storm. Otherwise decay is apt to get 
a start and spread throughout the pile. Where the ground offers 
but poor natural drainage facilities, some artificial system of drainage 
usually is employed. Figure 15 shows the system used in the yards 
of two large lumber companies in the southern hardwood region. 
This arrangement not only prevents the collection of rain water 
under the lumber piles, but also gives the required slope to the stack, 
which on level ground has to be secured by building up the founda- 
tions.1 : 

A top dressing of cinders has been found satisfactory in some 
storage yards. 

The following set of rules for piling lumber covers the more im- 
portant points to be observed in the construction of foundations, 
shape of stack, arrangement of stickers, etc.: 


1 Humphrey, C.J. Timber Storage Conditions in the Eastern and Southern States, with reference to 
Decay Problems, U.S. Dept. Agr. Bul. 510. 1917. 
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RULES FOR PILING LUMBER. 
1. FounDaTIoNnS (ENDWISE OR SIDEWISE PILING). 


(a) The foundations should be strong, solid, and durable. 

(b) The top of each foundation should be level, and from front to back the top 
surface of the parallel skids should be in alignment, so that the lumber to be piled 
will bear equally upon each one. 

(c) The front foundation should be raised above the second, and the second above 
the third, to allow a slant in the stack of 1 inch to every foot. 

(d) The foundations should be spaced not over 4 feet apart, except for heavy planks 
and timbers. 

(e) The front foundation should be of sufficient height to provide space for free 
circulation of air under all parts of the pile. 


2. LumBEeR (ENDWISE PItINne). 


(a) Skids, preferably 2 by 4 inches, should be laid on top of the foundations. 

(b) Boards of equal length should be piled together. 

(c) The ends of the boards should rest upon the front and rear skids. 

(d) A space of approximately three-fourths inch should be left between boards in 
the same layer. 


(ec) Lumber piled in the open should have the front ends of boards in each layer 


slightly protruding beyond the end of the layer beneath, to give a forward pitch to 
the stack. 
3. LuMBER (SIDEWISE PILING). 


(a) Skids, preferably 4 by 6 inches, should be placed across the foundations at 
about 4-foot intervals. The number of skids depends upon the thickness of the 
lumber. 

(6b) Boards of equal length should be piled together. 

(c) The boards should be placed on the skids, with about three-fourths inch between 
boards in the same layer. 

(d) Lumber piled in the open should have the front board in each layer project 
slightly beyond the board in the layer beneath, to provide a forward pitch to the stack. 


4, StickERS (ENDWISE OR SIDEWISE PILING). 


(a) Stickers should be of uniform thickness, preferably seven-eighths inch for 
1-inch lumber and 14 inches for 2-inch lumber. Their length should be a few inches 
in excess of the width of the pile. 

(b) Stickers should be placed upon.the layer of boards immediately over the skids 
and kept in alignment parallel to the front of the piles. 

(c) The front and rear stickers should be flush with, or protrude beyond, the ends 
of the boards. 


5. Roor Protection (ENDWISE OR SIDEWISE PILING). 


Cover boards, as a roof protection, should be laid on the top of the pile, extending 
a few inches beyond the front and rear ends of the stack. 


6. Spactne Stacks (ENDWISE OR SIDEWISE PILING). 


Space between the piles should not be less than 2 feet; 4 or 5 feet is preferred if 
yardage conditions permit. 
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Fic. 1.—SUN SHIELDS USED TO REDUCE CHECKING IN THiCK RED OAK TIMBER. 


Fic. 2.—LUMBER PILED SO AS TO FORM “CHIMNEY” OR FLUE NEAR CENTER OF STACK 
FROM BOTTOM TO Top. 
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Fia. 1.—POLE DRYING YELLOW POPLAR LUMBER. 


Fila. 2.—PoLE FRAMEWORK USED TO Dry YELLOW POPLAR, BASSWOOD, 
AND COTTONWOOD BEFORE PLACING IT IN A STUCK PILE. 


PLATE VIi. 
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7. DIMENSIONS oF STacK (ENDWISE OR SIDEWISE PILING). 


The customary width of stacks is from 8 to 16 feet.. The height is governed by 
the size and character of the lumber and by the methods of moving it. 


8. TREATED ENps (ENDWISE OR SIDEWISE PILING). 


The ends of lumber 24 inches thick or over, unless of the lower grades, should receive 
a brush treatment of paint or some liquid filler. 

The rules just given are based on information obtained through 
field investigations and from lumber manufacturers and wholesale 
and retail dealers, and accord with the best lumber-piling practice 
in general commercial use. Certain species of wood, however, re- 
quire particular care in air-drying, and in this case slight variations 
from the rules are necessary in order to secure the best results. Some 
lumbermen in the South, for example, find that thick red oak checks 
badly on the ends, and in air-drying such stock have adopted tho 
scheme of protecting it with sun shields, as shown in Plate V, figure 1, 
which they claim reduces end-checking to a minimum. 

Mills cutting red gum formerly experienced difficulty in drying 
the lumber, on account of its tendency to warp. This objection, 
however, has been largely overcome by the exercise of care in sea- 
soning. In erecting a pile of gum lumber, stickers are placed every 
2 feet apart, some lumbermen claiming that 18 inches in none too 
close to obtain the best results. Another scheme in more or less 
general use among gum-lumber manufacturers is to construct the 
pile so as to have a flue or ‘‘chimney”’ in its center, thus providing 
ample air circulation vertically through the stack, as shown in 
Plate V, figure 2. 

Green cottonwood, basswood, and yellow poplar lumber is likely to 
stain badly when piled. Accordingly, a number of lumbermen either 
end-dry the material or pole-dry it for a week or two and then place 
it in a “stuck” pile. In end-drying, the boards are stood up on end, 
edge to edge, under a specially built shed, with stickers arranged 
horizontally one above the other at specified distances. Such a 
pile presents exactly the appearance of a regular lengthwise pile of 
lumber set up on end. | 

Plate VI, figure 1, shows a quantity of yellow poplar lumber being pole- 
dried, while Plate VI, figure 2, shows the frame used for the purpose. 

Hickory and ash lumber frequently check badly when air-dried. 
Lumbermen in the southern hardwood region have found that these 
checks will close up entirely if the lumber is first stuck-piled for 
6 to 8 months and then bulk-piled and protected by good covering, 
preferably sheds. 

Plates VII and VIII show lumber piles in yards where careful 
attention has been given to the matter of piling and yard arrange- 
ment, 
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KILN-DRYING. 


Lumber is kiln-dried when there is need for seasoning it quickly, 
or when the manufacturer does not wish to carry large stocks in his 
yard. A kiln is used also to further dry partially air-seasoned or 
even fully air-seasoned material, for special uses. 

The main problem in kiln-drying lumber is to prevent the moisture 
from evaporating from the surface of the pieces faster than it is 
brought to the surface from the interior. When this happens the 
surface becomes considerably drier than the interior and begins to 
shrink. If the difference in moisture content is sufficient, the sur- 
face portion opens up in checks. 

The evaporation from the surface of wood in a kiln can be controlled 
to a large degree by regulating the humidity, temperature, and 
amount of air passing over the wood; and a correctly designed kiln, 
especially one for drying the more difficult woods, should be con- 
structed and equipped in a way to insure this regulation. 

A dry kiln may consist simply of a box in which lumber can be 
heated, or of a good-sized building or group of buildings (battery) 
containing steam pipes, condensers, sprays, and various air pas- 
sages capable of adjustment to regulate the amount of ventilation. 
The elaborateness of the kiln depends, of course, mainly upon the 
value of the lumber that is to be dried. For lumber worth $100 
per 1,000 board feet, it obviously will pay to use more careful dry- 
ing methods than in handling material valued at $20 or $25 per 
1,000 board feet. 

TYPES OF KILNS. 


Kilns for drying lumber may be divided into two general classes 
(fig. 16): (2) compartment kilns, and (b) progressive kilns, In 
compartment kilns the conditions are changed during the drying 
process, and all lumber in the kiln is dried at one time. The condi- 
tions at any time during drying are uniform throughout the whole 
kiln. In a progressive kiln conditions at one end differ from those 
at the other, and the lumber is dried progressively by being passed 
through the kiln. Compartment kilns are used when it is desired 
to dry lumber of various sizes and species, while progressive kilns 
are used where uniform stock is handled. 

The methods of operation generally used in lumber kilns are: (a) 
natural ventilation, (b) condensing, and (c) superheated steam. 

In kilns operating by natural ventilation, the humidity or dampness 
is controlled by the use of escaping steam and evaporated moisture. 
Circulation in progressive kilns is largely longitudinal and in compart- 
ment kilns transverse. Moist air is allowed to escape from the kiln. 

In condensing kilns the humidity is controlled by recirculating the 
air, which has taken up water from the lumber, across water pipes 
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Fic, 16.—Types of kilns 
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Fig. 17.—Methods of piling lumber ior kiln drying. 
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or through water sprays. The temperature of the pipes or sprays 
governs the amount of water that condenses from the air, and con- 
sequently regulates the humidity of the air when reheated before 
being passed over the lumber again. The circulation of air may be 
either natural or forced. Condensing kilns are generally of the com- 
partment type. 

Kilns operating with superheated steam are used only where the 
species to be dried are not injured by high Wee aut ee) and where 
fast drying is essential. 

Lumber may be piled on the trucks which carry it into the kiln in 
any one of three ways (fig. 17): (@) flat or horizontal, (b) edge or 
vertical, and (c) inclined. Flat piling is best for longitudinal circu- 
lation. Itis not so well adapted for transverse circulation, and is not 
economical for downward circulation. Vertical piling increases the 
truck capacity, as there are no vertical spaces between the boards. 
Probably it is the best method for downward or any fast circulation. 
Provision has to be made, however, for keeping the boards in place in 
the stack. Inclined piling allows for a definite movement of air either 
downward or upward (forced draft). It is an improvement, as 
regards circulation, over horizontal or flat piling. 

Some kiln operators using the flat or horizontal method of piling 
report excellent results from the construction of a V-shaped opening - 
in the center of the truck pile. Such openings are from 24 to 8 feet 
wide at their base, and from 34 to 4 feet high. - Where this practice 
is followed it is customary also to place the boards in the layers closer 
together as the top of the stack is reached, to force greater lateral 
circulation. 

In loading lumber on kiln trucks by any one of the three methods 
mentioned, the stickers should be of a uniform thickness and arranged 
in the piles in alignment. 

It is advisable also not to attempt to dry various thicknesses of 
lumber together. Thick lumber takes longer to dry than thin 
lumber, and when different thicknesses are mixed the operation has 
to be governed by the thick stock, to the possible detriment, or at 


least the unnecessarily long drying, of the thin stock. 


PRELIMINARY TREATMENTS. 


Lumber to be kiln-dried is sometimes steamed in a separate com- 
partment before being placed in the kiln proper, especially where the 
kiln is not designed for moist-air treatment. In transferring lumber 
from a compartment for preliminary treatment to the kiln proper, 
every care must be used to avoid a sudden change in humidity. The 
object of the steaming is to heat the lumber and thus make easier 
the transmission of moisture from the interior to the surface, and also 
to moisten the surface in case it has become casehardened or “‘set”’ 
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during pattial air drying. Other effects, also, are produced, which to 


a greater or less extent change the properties of the wood. The 
‘‘sap ’ in the wood is changed by ‘‘cooking,”’ as indicated by a darken- 
ing of the wood, the degree of coloring depending upon the tempera- 
ture and duration of the process. Other changes of a chemical 
nature apparently also take place in the wood during steaming. 

The pressure and duration of steaming desirable in kiln-drying 
have not yet been thoroughly worked out. Durations of from 5 
minutes to 24 hours or longer, and pressures ranging from atmospheric 
to 50 pounds gauge, have been used in practice. The higher the 
pressure the greater is the effect produced, and the longer the time 
the more thoroughly the treatment penetrates the wood. Experi- 
ments have shown that a pressure slightly above atmospheric for 24 
hours will slightly darken 2-inch maple clear through, and a pressure 
of 40 pounds will turn oak and probably other hardwoods almost 
black. Even where the strength of the wood is not the primary 
consideration, it probably is not safe to exceed 15 pounds gauge 
pressure (250° F.), except for special purposes. 


THE PROCESS OF DRYING. 


After the wood has been heated thoroughly in a humid atmos- 


phere, either in the kiln proper or in a separate compartment, it is 


ready to have the moisture removed by evaporation from the sur- 
face. In kiln-drying uniform circulation apparently is the most 
important thing to be secured. The fact that air when it enters the 
drying chamber will be cooled, and therefore will tend to fall, should 
govern the method of piling and the direction of circulation.t. This 
means that the air should be allowed and assisted to pass downward 
through the pile, either by entering at the top of the pile or by an 
adaptation of this principle to other methods of piling. The rate of 
evaporation may be controlled best by regulating the amount of 
moisture in the air (relative humidity) circulating about the lumber 
in the kiln; it should not be controlled by reducing the air circula- 
tion, since a large circulation is needed at all times to supply the 
necessary heat. Air at 100 per cent relative humidity contains all 
the water it can carry and has no effect in drying wood. If, how- 
ever, the humidity is reduced to 90 per cent and the air then passed 
through a pile of wet lumber, the air can take up a certain amount 
of moisture. If drying does not progress rapidly enough with the cir- 
culating air at 90 per cent humidity, it may be reduced still further. 
This may be accomplished by ventilation, by condensers, by water 
or steam sprays, or in a number of other ways. Any well-made kiln 
which will allow the control of the humidity, temperature, and cir 


1 See ‘‘ The Circulation in Dry Kilns,” by H. D. Tiemann, Lumber World Review, May 10 and June 10, 
1916. 
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culation of the air passing over the lumber should give satisfactory 
results. If checking begins during the drying process, the humidity 
should be increased until it stops. Steam jets in a kiln are often useful 
for this purpose. In changing the humidity the circulation should 
not bereduced. A large body of 
moving air is necessary in order 
to keep a uniform temperature. 
clear through to the center of 
each piece of wood in the pile and 
at the same time supply the heat 
required for evaporation. If suf- 
ficient circulation is not secured, 
the supply of heat for both pur- 
poses will be lacking and the 
material will not dry uniformly. 
Figure 18 shows the conditions 
in a kiln during a run with refer- 
ence to temperature, humidity, 
and moisture in the wood. It 
will be noted that the humidity 
is kept high at first and lowered 
eradually. The temperature is 
held at a certain level for some 
time and then raised. The mois- 
ture is lowered gradually to a 
final condition of less than 5 per 
cent. 
' The maximum rate of drying 
at a given temperature is reached 
when moisture is evaporated 
from the surface of the wood just 
as fast as it is transmitted from 
the interior. This rate is fixed 
by the rate of transmission of ine 
moisture within the wood and BEA 
varies with different woods. a. 
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the wood. The higher the temperature of the wood the more rapid is 
the rate of transmission of the moisture, and hence the rate at which 
the moisture may be evaporated safely. This, of course, applies only 
to temperatures below those which might result in injury to the wood. 
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Drying tends to render wood more or less brittle. Although the 
strength of wood increases with its degree of dryness, yet wood which 
has been dried and resoaked is less resilient than when green. There- 
fore, where strength is the prime consideration, it is preferable not 
to dry the wood beyond the degree at which it is to be used. The 
final stage of kiln-drying is generally conducted at a humidity some- 
what below the actual humidity that on long exposure would pro- 
duce the same average moisture condition. This is done in order 
to hasten the drying and to make it uniform throughout each piece. 
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